In this paper we report a detailed µ + SR and 19 F-NMR study of the La 0.7 Y 0.3 FeAsO 1−x F x class of materials. Here, the diamagnetic La 1−y Y y substitution increases chemical pressure and, accordingly, sizeably enhances the optimal superconducting transition temperature. We investigate the magnetic-superconducting phase transition by keeping the Y content constant (y = 0.3) and by varying the F content in the range 0.025 ≤ x ≤ 0.15.
Introduction
The emergence of high-temperature superconductivity nearby the disruption of a long-range magnetic state is a common feature of both the cuprates and iron-pnictide compounds, possibly hinting at a common magnetic mechanism for the Cooper pairing. In many of the latter materials, the magnetic and superconducting states are known to coexist nanoscopically [1, 2, 3, 4, 5] while in others they are reported to be macroscopically segregated [6, 7] . In the REFeAsO 1−x F x family with RE = La no coexistence at all has been found up to now [8] , even if a macroscopic segregation was observed upon the application of hydrostatic pressure [9] .
In order to better understand this phenomenology in the case of REFeAsO 1−x F x (RE1111) with RE = La and to eventually compare the effect of chemical and hydrostatic pressures in such materials, we have studied the class of compounds La 0.7 Y 0.3 FeAsO 1−x F x at different charge doping levels x. The investigated samples were loose powders prepared as reported in previous works [10, 11] . Here, as an effect of the internal pressure triggered by the different ionic radii of La and Y, the diamagnetic La 1−y Y y substitution enhances the superconducting transition temperature T c from 26 K (y = 0) to 32 K (y = 0.3) at optimal F doping, namely x = 0.15 [10] . The magneticsuperconducting transition was then investigated by tuning the F content in the range 0.025 ≤ x ≤ 0.15 and by keeping the yttrium content fixed to y = 0.3.
2 Spin-density wave phase Zero-magnetic field (ZF) µ + SR measurements were performed in order to follow the x-dependence of the magnetic volume fraction V m (T ) of the spin-density wave (SDW) phase. Experiments were carried out at the GPS facility of the SµS muon source at the Paul Scherrer Institut (PSI). For all the investigated temperature values (T ) the general expression
fits the muon-spin depolarization function as a function of time (t). In the paramagnetic limit, V m (T ) = 0, no static field of electronic origin contributes to the depolarization and only the weak contribution from the nuclear magnetic moments leads to a slow gaussian depolarization with characteristic rate σ. Below the magnetic-order transition temperature T N , the superscript ⊥ ( ) refers to the fraction of muons experiencing a local static magnetic field in a perpendicular (parallel) direction with respect to the initial muon spin polarization. Accordingly, the amplitudes a ⊥, must satisfy the requirement a ⊥ (T ) + a (T ) = V m (T ). A coherent precession of the implanted muons around the local magnetic field B µ can then be discerned in the a ⊥ amplitudes and described by the oscillating function F (t) damped by the function D ⊥ (t) = exp −λ ⊥ t . If the distribution of B µ values is too broad, the fast dephasing of the muon-spins' leads to an overdamping of the signal preventing one from observing any precession. This is the case for the investigated samples (see the inset of Fig. 1 , relative to the case of x = 0.025). It should be remarked that a small transverse component a These two components are likely to be associated with the two muon sites observed in pure LaFeAsO [12] .
The comparison of V m (T ) for 0.025 ≤ x ≤ 0.065 is displayed in Fig. 1 . It is clear that the effect of O 2− /F − substitution is a gradual suppression of the magnetic critical temperature T N , defined as the temperature where V m (T ) = 0.5. This strongly resembles previous reports for other RE1111 materials [4, 8] . Samples are fully magnetic at low T for x ≤ 0.045. The x = 0.065 compound, on the other hand, shows a magnetic volume fraction V m ≃ 0.7 at 1.5 K, namely the sample does not fully turn magnetic down to the lowest investigated temperature. Any further increase in x is then expected to completely suppress magnetism in the material.
3 Superconducting phase Measurements of magnetic susceptibility were used to establish the supercon- to the nuclear magnetism, quantified by σ as in Eq. 1, and of the possible contribution from diluted magnetic impurities, causing an exponential damping quantified by λ imp . On the other hand, a lattice of vortex lines is expected to be present inside the sample for T < T c . This, in turn, gives rise to a modulation of the spatial profile of H ext resulting in a Gaussian extra-damping of the muon precession frequency [13] quantified by σ SC in the fitting function
At the same time, the shielding of H ext by the superconducting phase leads to a sizeable lowering of the internal field B µ felt by the muons. This diamagnetic shielding is typically quantified by the quantity ∆B loc ≡ B µ − H ext . By fitting the experimental data above T c according to Eq. 2, one can find that the value of λ imp is almost constant at ∼ 0.18 µs −1 for T c ≤ T ≤ 100 K. This allows us to keep λ imp as a fixed parameter also for T ≤ T c incorporating all the extra-broadening of the line in σ SC . Fitting results are presented in Fig. 2 . The σ SC vs T trend is well described by the function
as previously reported for LaFeAsO 1−x F x [13] . The saturation value σ SC (0) = 0.350 ± 0.005 µs −1 allows us to deduce an in-plane penetration depth λ ab (0) = 420 ± 10 nm at zero T (see Ref. [5] for details).
From the observation that all the muons feel a static field lower than H ext (Fig. 2) we conclude that superconductivity in the x = 0.15 compound is a bulk phenomenon extended over the whole sample volume. Similarly, magnetization data and TF-µ + SR measurements imply a superconducting volume fraction of only ∼ 35% for the x = 0.065 compound. Considering that the magnetic volume fraction at T = 0 K is ∼ 70% we argue that in this sample magnetism and superconductivity are macroscopically separated. A similar scenario has been derived in LaFeAsO 1−x F x , where the ratio of the superconducting and the magnetic volume fractions was tuned by the application of external hydrostatic pressure [9] .
Low-energy spin dynamics Further insights were obtained by means of
19 F-NMR measurements on the samples 0.045 ≤ x ≤ 0.15. Here, the main quantity of interest is the so-called spin-lattice relaxation time T 1 for the 19 F (I = 1/2) nuclear spins, quantifying the time required by the nuclear magnetization M to relax back to the thermodynamical equilibrium along the quantization axis, once a proper radio-frequency pulse sequence has brought the system into a saturation condition [14] . A conventional sequence (π/2) sat − t − (π/2) − τ echo − (π/2) was employed to this aim. The quantity
could then be measured, where the stretching parameter β accounts for a distribution of relaxation times (raw data are reported in the inset of Fig. 3 ). When considering relaxation processes involving nuclear spins with I = 1/2, values β < 1 typically imply indeed an inhomogeneity of the local environment of the nuclei. Typical measured values are β ∼ 0.6 for x = 0.045 and x = 0.065 while β ∼ 0.85 for x = 0.15. The interplay between La 1−y Y y and O 1−x F x dilutions is likely to be the main source of such disorder in the examined compounds.
The relaxation rate 1/T 1 as a function of T is reported in the main panel of Fig. 3 for the samples x = 0.045, x = 0.065 and x = 0.15. By keeping into account the common occurrence of power-law functional forms for 1/T 1 in RE1111 materials [15, 16] , data relative to the fully magnetic sample x = 0.045 can be properly described by the following relation
where the exponent in the SF contribution should be considered as a phenomenological parameter. The term FL accounts for relaxation processes driven by conduction electrons belonging to a Fermi liquid and resulting in a linear T -dependence (so-called Korringa-like relaxation) [14] . As a result of the fitting procedure, K FL = 0.011 ± 0.001 s −1 K −1 . The term SF in Eq. 5 can be associated to spin fluctuations arising from the gradual magnetic correlations eventually leading to the SDW phase at low T .
For the two superconducting samples the term FL is the leading relaxation channel besides small upturns with decreasing T towards T c . Fitting leads to K FL = 0.011 ± 0.001 s −1 K −1 and K FL = 0.006 ± 0.001 s −1 K −1 for x = 0.065 and x = 0.15, respectively, suggesting a gradual suppression of the density of states at the Fermi energy. With further decreasing of T below T c , the relaxation rate in both samples decreases much more steeply. This result again confirms that 19 F nuclei are sensitive to processes involving bands from the FeAs layers.
Phase diagram and conclusions
The phase diagram in Fig. 4 displays the magnetic and superconducting transition temperatures as a function of x for the La 0.7 Y 0.3 FeAsO 1−x F x samples under investigation.
The main effect of F doping is the progressive suppression of magnetism and the appearance of superconductivity, resembling the general behavior of the RE1111 family. It is important to stress that here the samples display macroscopic phase separation at the magneticsuperconducting boundary. To the best of our knowledge, this behavior has never been observed before for the RE1111 compounds at ambient pressure. Instead, materials with RE = La display a sharp first-order-like magnetic-superconducting transition and no coexistence has been reported up to now [8] . However, macroscopic phase separation of magnetic and superconducting volumes can be induced by applying hydrostatic pressure to non-superconducting La1111 samples with F content close to the disruption of magnetism [9] . By considering that a similar macroscopic phase separation is here reported for La 0.7 Y 0.3 FeAsO 1−x F x samples, we can conclude that the chemical pressure produced by the partial Y substitution of La mimics closely the effect of the hydrostatic pressure.
